Do Firns Pay For General Training?
In this section, we argue that a variety of evidence contradicts the predictions of the standard theory of training developed by Becker. To do this, we need to establish that there are instances of general training where firms not only provide, but also pay for training investments.
The first piece of evidence comes from the German apprenticeship system (see Steedman (1993) , Soskice (1994) , and Harhoff and Kane (1997) for more details). Apprenticeship training in Germany is largely general. Firms training apprentices have to follow a prescribed curriculum, and apprentices take a rigorous outside exam in their trade at the end of the apprenticeship. The industry or crafts chambers certify whether firms fulfill the requirements to train apprentices adequately, while works councils in the firms monitor the training and resolve grievances. At least in certain technical and business occupations, the training curricula limit the firms' choices over the training content fairly severely. For example, a trainer in a large bank told us that apprentices typically do not find the time to learn about the more company specific products during the apprenticeship.
Three studies estimate the net cost of apprenticeship programmes to employers in Germany. They survey training firms about their accounting costs F115 and apprentice productivity to assess the net cost of training. The most careful of these was conducted in 1991 by the Federal Institute for Vocational Training (Bundesinstitut fur Berufsbildung) and is described in von Bardeleben et al. (1995) . The first step is to calculate gross costs as the sum of the payroll costs of apprentices and training personnel, costs of material, equipment, and structures used in the training, and direct costs of any external training that the firm pays for. In addition, the studies assess apprentice output, by surveying supervisors about the jobs done by apprentices, and their productivity. A money measure of the output contribution is constructed by multiplying the time spent in productive activities with the payroll costs of a skilled worker and the relative apprentice productivity. This calculation assumes implicitly that the wages of skilled workers are set competitively, reflecting marginal products. If the firm has market power over these workers, marginal product may exceed wages, so this calculation would yield an underestimate of apprentices' contribution to output.
A second problem arises from the fact that in many, especially smaller establishments, most trainers are not engaged in training full-time, and also work in productive activities. The German study for 1991 takes two approaches to this problem. The first is to prorate the time spent on training by part-time personnel. As an alternative, the study excludes the costs of part-time trainers completely from the cost calculation, arguing that they would be employed at the training establishment anyway, at least in the short run (they refer to this as variable cost). Table 1 illustrates the role of these assumptions using data from von Bardeleben et al. (1995) for Germany. Average total gross costs per apprentice per year amounted to almost DM 30,000. Excluding part-time trainers yielded a variable cost of only DM 18,000. The productivity of an apprentice, valued at skilled worker wages, amounted to about DM 12,000. Under the perfect market assumptions and using full costs, this yields a net cost of training of around Instead, suppose that skilled worker wages are not set in perfect markets, but assume arbitrarily that marginal products are twice a skilled worker's wage. Net training costs would then be about DM 6,000 using full costs, but DM -5,000 using only variable costs. The latter number makes very conservative assumptions and we regard it as a lower bound for the net costs of training. However, even this very conservative estimate implies that the largest firms in Germany (those with more than 500 employees) have positive training costs of around DM 7,500 per worker. Overall, the evidence therefore suggests that even under conservative assumptions, large German firms bear a significant financial cost in providing general training to their apprentices. Similar studies exist for other countries. For example, Ryan (1980) examined welder apprentices at a US shipyard, andJones (1986) looked at apprentices in British manufacturing. All of these studies find substantial net costs for training apprentices. Another interesting example comes from the recent growth sector of the United States, the temporary help industry. The temporary help firms provide workers to various employers on short-term contracts, and receive a fraction of the workers' wages as commission. Although blue-collar and professional temporary workers are becoming increasingly common, the majority of temporary workers are in clerical and secretarial jobs. These occupations require some basic computer, typing and other clerical skills, which temporary help firms often provide before the worker is assigned to an employer. Workers are under no contractual obligation to the temporary help firm after this training programme. Most large temporary help firms offer such training to all willing individuals. As training prepares the workers for a range of assignments, it is almost completely general. Furthermore, it does not serve as a screening device for the temporary help agency as participation is voluntary. Although workers taking part in the training programmes do not get paid, all the monetary costs of training are borne by the temporary help firms, giving us a clear example of firm-sponsored general training. This was first noted by Krueger (1993) and is discussed in more detail in Autor (1998) .
Other evidence is not as clear-cut, but suggests that firm-sponsored investments in general skills are widespread. A number of studies have investigated whether workers who take part in general training programmes pay for the costs by taking lower wages. The majority of these studies do not find lower wages for workers in training programmes, and even when wages are lower, the amounts typically appear too small to compensate firms for the costs (see Bishop (1996) and Barron et al. (1997) for a detailed discussion of this evidence). Although this pattern can be explained within the paradigm of Becker's theory by arguing that workers selected for training were more skilled in unobserved dimensions, it is consistent with firm-sponsored-training.
There are also many examples of firms that send their employees to college, MBA or literacy programmes, and problem solving courses, and pay for the expenses while the wages of workers who take up these benefits are not reduced. In addition, many large companies, such as consulting firms, offer training programmes to college graduates involving general skills. These F117 employers typically pay substantial salaries and bear the full monetary costs of training, even during periods of full-time classroom training.
We interpret these various pieces of evidence as suggesting that employers often pay for investments in the general skills of their employees. It is important, however, to emphasise that this evidence does not deny that there are many instances where Becker's theory provides a good stylised description of reality. In particular, workers often accept lower wages with the anticipation of steep age-earnings profiles (Rosen, 1972 ). An example of this would be an economist taking an assistant professor job at Harvard despite the higher salaries in other economics departments or business schools. Securities brokers, often highly qualified individuals with MBA degrees, also apprentice at a pay level close to the minimum wage until they receive their professional certification. Despite its explanatory power in a number of instances, however, the evidence that many firms do pay for general skills provides a challenge to develop new theories consistent with these patterns. In the rest of this paper, we discuss what general class of models can be consistent with these patterns, and whether they receive support from other empirical evidence.
When Do Firms Pay for Training?
How can we construct a theory which provides a better stylised description of training practices? We argue in this section that such a theory has to allow for labour markets that are not competitive.
Training in Competitive Labour Markets
To fix ideas, we consider a very simple setup. A worker is hired at time 0 during which he can be trained, and then he becomes productive at time 1. We normalise the productivity of the worker during time 0 to zero, and denote the output of the worker at time 1 by f (r), where r is his level of training. Training costs c(r), there is no discounting, and all parties are risk-neutral. Fig. 1 draws these two functions. We assume that all skills are general in order to focus on the case of interest for our purposes, so the productivity of the worker is f (r) in other firms as well.
We denote the wage of a worker with training r at time 1 by w(r). A competitive labour market corresponds to the case where many firms compete for the labour services of the worker at time 1, ensuring that w(r) = f (r). If this were not the case, every firm would be willing to hire the worker, creating excess demand for his labour services. The significant feature is that the wage of the worker at the initial employer is no different than the wage the worker can obtain at a different firm, because all of his skills are general and there are no mobility costs. This immediately implies that the firm will not pay for the worker's training as it would not be able to recoup its investment costs.
So if the firm will not pay for training in a competitive labour market, will the worker? To answer this question, first consider the hypothetical case where the worker can choose the amount of training and has the resources to pay for it. It is clear that in a competitive labour market, the worker is the residual claimant of the returns generated by the training investments. He will therefore choose the efficient amount of investment, given by * > 0 where c'(r*) = f' (r), as shown in Fig. 1 . This is the outcome discussed by Becker. The market achieves the efficient level of training without firms making any investments in worker skills. There are, however, two important requirements for this to happen. The first is that the worker must have the resources to invest in training. In the case we have just described, the worker is not productive during time 0. He must therefore make a payment to the firm to compensate for the expenses that the firm incurs. In practice, most on-the-job training is not full-time, so the worker can take part in some productive activities. This would enable him to bear the costs of training by taking a wage cut, rather than making a payment to the firm. Such wage cuts are costly, however, when credit markets are imperfect and workers have a desire for smooth consumption. For example, with a concave, time separable utility function, the worker would like to have the same level of consumption in both periods. Taking a wage cut at time 0, without a possible loan, would take him away from his desired consumption path. Hence, even when workers are productive during their training, efficient investment in skills requires perfect loan markets. These are unlikely to exist because of the inherent moral hazard and adverse selection problems. So the ability of workers to invest in training is likely to be limited in practice.
There is a second condition for workers to be able to invest in general skills. Training is in some respects different from schooling. Although workers can F19 take vocational courses, many skills are best learned by on-the-job training, combining production, learning-by-doing, and mentoring by more experienced colleagues. However, the employment relation gives the control over the worker's time to his employer. It is therefore possible for a firm to pay a low wage with a training promise, and then use the worker in regular production activities. This possibility could be avoided if what constitutes training were easily observed by courts, so that employment contracts could unambiguously specify the training obligations of the employer. Nevertheless, since important parts of the training programme are intangible, involving mentoring, advice and practice, it is quite hard to specify them in advance and monitor the firm's compliance in individual cases. This problem might be overcome in a dynamic world, where a firm that does not deliver on its training promises would develop a bad reputation. But, training practices inside the firm are hard to observe by outsiders, and returns to training depend on individual worker's ability and effort, making it hard to infer training from future earnings of workers. So this reputation mechanism is also highly imperfect. With this reasoning, for example, outside agencies and works councils in Germany monitor the curriculum and implementation of apprenticeship programmes and credential skills. We therefore view the contracting difficulties between firms and workers as an additional constraint on workers' ability to 'buy' training in the workplace.
Overall, this discussion suggests that, as pointed out by Becker, in competitive labour markets, firms will not pay for general training investments. Furthermore, although workers will have the right incentives to invest, a variety of obstacles may prevent them from choosing the right amount of investment.
An important conclusion which follows from this discussion is that the presence of credit market problems will not by themselves encourage firms to pay for general training investments. Although a number of authors have suggested that the reason why firms pay for general training investments is that workers are liquidity constrained, credit market problems are not sufficient to ensure firm-sponsored training in perfectly competitive labour markets. Motivated by this observation, we now turn to models of training in non-competitive (imperfect) labour markets.
Training in Non-competitive Labour Markets
To start with, let us consider Fig. 2 , and assume that wages are given by w(r) as drawn in the figure. We continue to assume that all skills are general. The function w(r) specifies the wage that the firm has to pay a worker with training r. The key feature is that wages are below the productivity of the worker, so the situation depicted in the figure is not consistent with a perfectly competitive labour market. Instead there are rents in the employment relation accruing to the employer (i.e. there is some monopsony power). To see why this is important for firm-sponsored training, notice that if the firm could never pay a worker below his productivity, it could not recover the up-front costs of training. We will discuss mechanisms leading to such rents below. The second and more important feature is that the wage function is increasing in the level of training less steeply than productivity, so the gap between productivity and the wage, A (r), is higher at greater levels of skills. We refer to this as a compressed wage structure, since the return to skills for a worker is less than the one prevailing in a competitive labour market. The gap between the two curves in the figure, denoted by A(r), is the profit that the firm makes from employing the worker (gross of training costs, if any): its revenues are equal to f (r), and its cost is equal to the wage, w(r). Therefore, with the wage function drawn in Fig. 2 , the firm prefers a more skilled worker to a less skilled one. This contrasts with the situation in the perfectly competitive labour market where profits from skilled and unskilled workers were equal, i.e. A (r) = 0 for all r, and so the firm was indifferent regarding the skill level of its employee. In the non-competitive labour market outlined in Fig. 2 , the firm may therefore want to invest in the skills of its employees so as to increase its profits.
To see this more clearly, suppose that workers themselves cannot invest in training at all. Then, our analysis of Fig. 2 shows that the firm will provide and pay for training up to rf >0, given by c'(irf) = f'(rf) -w'(irf). In other words, the firm would choose the level of training by setting the marginal change in the second period profit equal to the marginal cost of training.
It is important to emphasise that, due to labour market imperfections and monopsony power, workers are not being paid their full marginal product even though the skills are general. So general skills are being rewarded as if they were (partly) specific. Labour market imperfections therefore turn general skills into defacto specific skills.
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Observe also that wage compression (relative to marginal product) is necessary for firm-sponsored training. Suppose the wage function were w(r) = f (r) -A as drawn by the dashed line in Fig. 1 . In this case, in contrast to a perfectly competitive labour market, the worker is paid less than his productivity, so there are rents and monopsony power. But because the gap between productivity and the wage is independent of the skill level of the worker, the firm has no interest in increasing the worker's skills, and there is no firm-sponsored training.
The discussion so far has established that firms may have an incentive to invest in the general skills of their employees. However, we used an arbitrary wage function, did not specify the sources of the imperfections, and assumed that workers themselves are not able to contribute to training expenses. In the rest of the section, we discuss these issues, and argue that under plausible assumptions, wages will be below marginal product, the equilibrium wage structure will be compressed, and firms will bear some of the cost of training, even when workers can also invest in skills.
Sources of Wage Compression and Labour Market Rents
The first reason for rents and a compressed wage structure is the presence of transaction costs in the labour market, for example matching and search frictions. In practice, it is difficult for workers to quit their existing jobs and find new suitable employers. Similarly, it is costly for firms to replace their employees. The presence of search costs in the labour market therefore creates a bilateral monopoly situation in wage determination. There is a match-specific surplus (rent), created by the costs of finding new partners, and this surplus will have to be shared by bargaining.2 This typically implies that firms obtain a fraction of the productivity of the worker as profits. For example, the wage of the worker may be equal to /3f (t), while the firm obtains (1 -3) f (t) as profits. Bargaining (induced by market frictions or otherwise) therefore compresses the wage structure and creates incentives for firm-sponsored training.3 This story is proposed and developed in detail in Acemoglu (1997) .
A second source of wage compression and labour market rents is the presence of asymmetric information between the current employer of the worker and other firms in the economy. There are two types of information that outside employers may not have. The first concerns the amount of training and human capital that the worker has acquired. Our discussion above, which emphasised that training practices are difficult to contract on and imperfectly observed by outsiders, implies that potential employers will be unable to judge the exact 2 See Mortensen (1982), Diamond (1982) and Pissarides (1990) for analyses of the standard search and matching model. See Peters (1991), Moen (1997) and Acemoglu and Shimer (1997) for models with search frictions but no bargaining.
3 Notice that for this source of wage compression to work, it is not necessary for skilled workers to have less bargaining power than unskilled workers. In fact, they may have more. Wage compression arises naturally because the surplus brought to the employment relation is larger when the worker is more skilled, and the firm obtains a share of this larger pie.
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THE ECONOMIC JOURNAL [FEBRUARY quantity and content of the training the worker has received. They may therefore be unwilling to compensate workers for these uncredentialled skills, enabling the initial employer to keep its trained workers for a relatively low wage. Since in this situation all the increase in productivity does not get translated into wages, the equilibrium wage structure will be compressed. This explanation for the presence of firm-sponsored training programmes was first suggested by Katz and Ziderman (1990) , and is formalised by Chang and Wang (1996) . Although this explanation is plausible when applied to company training in the United States, it may be less relevant for the German apprenticeship system where the content of apprenticeship programmes is regulated by the government and follows a well-specified curriculum.4 An alternative explanation based on asymmetric information is developed in Acemoglu and Pischke (1998a). In that paper, we argue that the important asymmetry of information between current and potential employers concerns the ability of young workers. The early years of a worker's career reveal valuable information about whether he is suited to the occupation he has chosen. We show that when ability and training are complements, so that high ability workers benefit more from training, this type of asymmetric information leads to a compressed wage structure and encourages firms to sponsor training. Intuitively, workers who are laid off have, on average, lower ability, thus the value of training is relatively low for them. Since a high ability trained worker cannot quit and signal his ability, the employer can keep him while paying less than the full value of his skills. This source of wage compression encourages the employer to invest in skills. In Section 5 below, we develop a simplified version of this story to illustrate a number of differences between German and US labour markets.
Su ( A third reason for wage compression is asymmetric information between the worker and the employer regarding the exact level of effort and diligence F123 exerted by the employee. This implies that the remuneration of the worker has to be a function of his performance and other indicators related to his effort in order to ensure that he chooses the appropriate amount of effort. In other words, wages need to satisfy the worker's incentive compatibility constraint. The resulting wage structure is often compressed. In Acemoglu and Pischke (1998b), we show that the presence of moral hazard and limited liability constraints, which imply that the worker cannot receive a negative payment, will typically compress the structure of wages, and thus encourage firms to invest in the skills of their employees. Intuitively, in order to induce effort, employers have to make a certain minimum payment to a worker, even if he is not very productive. So when the productivity of a worker is below this level, it can be increased without having to increase wages. Hence, for workers receiving the minimum payment necessary to induce effort, the structure of wages is highly distorted, and the firm would receive most of the increase in productivity due to training. Of course, for the firm to be profitable in this case, some other mechanism, such as mobility costs for workers, needs to create rents. This situation depicted in Another source of firm-sponsored training is the interaction of specific and general skills. Our discussion around Figs. 1-3 assumed in that all skills were general. This of course was a simplification. Training and experience in a firm usually lead to the accumulation of both general and firm-specific skills. We know from Becker's contribution that firms may share the costs of firm-specific investments. Can firm-specific skills encourage firms to also share the costs of general training investments? The answer depends on whether the presence of firm-specific skills leads to a compression in the wage structure. If firm-specific skills are present but do not interact with general skills, they do not lead to firm-sponsored general training. This can be seen most easily in Fig. 1 where the wage function is w(r) = f (r)-A.
Firm-specific skills create a rent A for the current employer and when the worker changes jobs, his productivity declines because he has lost his firm-specific human capital. However, the rent from firm-specific skills is independent of additional general skills. So, there is no wage compression, and firms do not invest in workers' general skills.
Firm-specific skills, however, most often influence how productive general skills are. For example, the knowledge how to use a particular software is much more valuable when an employee knows the exact goals of his division. This implies that general and specific skills are complements. When the amount of general skills a worker possesses increases, the value of the specific skills will also go up. This means that the marginal product and wage schedules look like f (r) and w(r) in Fig. 2 , and the structure of wages is once again compressed. This wage compression encourages firms to invest in the general skills of the worker (as well as specific skills). This story is suggested and developed in Acemoglu and Pischke (1998 b).
A number of other authors have emphasised similar reasons for firmsponsored general training. Bishop (1996) points out that although skills may be general, each worker has a particular mix of skills, and this mix may be more suited to the current employer than to other employers. This would encourage employers to invest in the skills mix that they require, which is specific, although each skill component is general. Stevens (1994) develops a similar argument by pointing out that in practice skills are neither completely general nor purely specific. This mixture, she argues, makes the outside market for workers non-competitive. She models this imperfect competition as Cournot and shows that firms may invest in the skills of their employees which are in part general. Finally, Franz and Soskice (1995) point out that it may be the accumulation of general and specific skills which is complementary. Teaching firm-specific skills may reduce the cost of also teaching general skills to employees, and vice versa. This implies that firms may invest in general skills indirectly when teaching firm-specific skills.
There are also labour market institutions which compress the structure of wages directly, and therefore would serve to encourage firms to invest in general skills. For example, minimum wages increase the pay of less skilled workers, while leaving the wages of skilled workers largely unaffected. In Acemoglu and Pischke (1998c), we show how minimum wages can increase training. In particular, as in the case of efficiency wages discussed above, if a 1999] BEYOND BECKER F125 firm provides training to a worker whose productivity is below the minimum wage, it does not have to increase his wage. So around the minimum wage, the structure of wages is highly compressed and the firm is the de facto residual claimant of increases in productivity, encouraging firm-sponsored training. Fig. 3 also illustrates how minimum wages compress the wage structure and encourage training, with w* interpreted as the minimum wage. Once again, some other source of labour market rents, to generate A > 0, is necessary for this story to work, otherwise, the minimum wage would force the firm out of business.
Most economists also believe that unions compress the structure of wages by forcing employers to pay higher wages to less skilled workers (Freeman and Medoff, 1984) . In Acemoglu and Pischke (1998b), we show how union wage setting can also lead to firm-sponsored training. Unemployment benefits in most countries are progressive as they have higher replacement ratios for lower paid workers. This can once again create the necessary wage compression for firm-sponsored training. Jansen (1998) shows that firing costs can also lead to similar results.
Sharing the Costs of General Training
Our discussion so far has established that when the structure of wages is compressed, firms prefer to employ more skilled (trained) workers, and as a result, they may want to invest in the skills of their employees. Nevertheless, because workers also benefit from training (as long as w'r(T) > 0), it is not immediate whether employers will invest in general skills when workers can do so. In this subsection, we investigate how the costs of general training will be shared, if at all. Throughout, we will assume that the wage structure is compressed, so that firm-sponsored training is feasible. Our discussion follows the more detailed analysis in Acemoglu and Pischke (1998b) by distinguishing two cases.
We refer to the first case as the non-cooperative regime. Here, workers are unconstrained in the amount of investment they make towards their skills, but this investment is decided after the employment relation starts, and independently of the firm's contribution to training expenses. More explicitly, at time 0, once they are together, the firm and the worker independently decide how much to contribute towards training investments. The worker's contribution could be in terms of a pay concession, while the firm may contribute towards the monetary expenses. In Acemoglu and Pischke (1998 b), we establish that in this case all the costs will be borne by one of the parties. Denote the level of training which maximises workers' utility, assuming no investment by the firm, by rw, which satisfies w' (Tw) = c' (Tw). If rw is greater than rf, then the worker will bear all the cost of general training as in Becker's model. In contrast, if the worker's preferred level of training, rw, falls short of the firm's, all costs will be borne by the firm, even though training is general and the worker is not liquidity constrained. This is the case drawn in Fig. 2 An important implication of this result is that as the structure of wages becomes more compressed, the firm's preferred level of training increases and that of the worker declines, so it becomes more likely that firms will invest in general skills. An alternative scenario is the full-competition regime. The previous analysis did not allow the firm to offer an employment package consisting of a wage and a training level to the worker before their employment relationship starts. In the non-cooperative case, there is an externality from the firm's training investment because the worker benefits from this training. The possibility to write contracts over both the training level and the wage lets the firm internalise this external effect, and leads to more training. In Acemoglu and Pischke (1998b), we show that in the full-competition regime, the cost of training will be shared between the worker and the firm. Although some of the comparative statics are different in this case (see the discussion in the Section 4), a more compressed wage structure continues to lead to more firmsponsored training.
Overall, in a variety of circumstances, a compressed structure of wages will encourage firms to bear some, or perhaps all, training costs. Furthermore, when wages are more compressed, firms will tend to pay for a larger fraction of training costs, and are more likely to pay for all the costs. As emphasised above, these results rely on non-competitive labour markets, because wages need to be less than the worker's productivity and must increase less steeply than productivity when workers become more skilled.
Market Failures in Training?
In this section, we discuss the policy implications of the non-competitive theories of training outlined so far. Although our state of knowledge is not advanced enough to make precise policy recommendations, a brief discussion of whether the amount of training achieved by the market economy is likely to be efficient is useful.
A number of other authors have emphasised market failures in training, see, for example, Ritzen and Stern (1991). The focus, however, has typically been on credit market problems and the poaching externalities emphasised by Pigou (1912). Credit market problems were also pointed out by Becker, and are well understood. Although poaching externalities are important, they cannot be analysed fully in competitive labour markets where workers always receive their full marginal products (i.e. there is always complete 'poaching' in some sense). Therefore, in the rest of this section we focus on market failures in training explicitly caused by labour market frictions.
Recall that in the standard theory of human capital, training investments are efficient if workers are not liquidity constrained. In this theory, government intervention is often unnecessary, and should be mostly limited to improving loan markets. In fact, subsidies to training would be counterproductive when 
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the degree of liquidity constraints varies across workers, because with subsidies, workers who are not liquidity constrained will invest more than the efficient amount due to the lower marginal cost of investment.
The theory we have outlined in the previous section leads to two different conclusions. First, even when workers are severely liquidity constrained, the amount of training may not be as low as predicted by Becker's theory, because firms would undertake some of the general training investments. Second, and more important, even when workers are unconstrained, the amount of training is likely to fall well short of the first-best level of investment. In the rest of this section, we discuss the reasons for this underinvestment.
The first source of underinvestment arises when training investments are decided after the employment relation starts. Our analysis above discussed how in the non-cooperative regime, the amount of training is equal to the firm's or to the worker's preferred level. With a compressed wage structure, both the firm and the worker share the proceeds from training, but neither is the full residual claimant. When training decisions are made individually, as in the non-cooperative regime, neither party will take the effect of investment on the other into account and training is suboptimally low.
This inefficiency can be overcome if the worker and the firm can write employment contracts which specify both the wage and the training level in advance, as in the full-competition regime discussed above. Nevertheless, there is another externality which remains operative even in this case. This externality arises because general training in non-competitive labour markets often benefits future employers. In contrast to competitive labour markets where future employers pay the full marginal product of workers, in labour markets with a compressed wage structure, a new employer would also make higher profits from employing a more skilled worker. This argument is developed in Acemoglu (1997), who establishes that even when workers have access to perfect loan markets and there are no contractual problems, the amount of training in imperfect labour market will be suboptimally low. If the source of market failure in training is the positive externalities on future employers, the policy remedies of the standard theory would be of no benefit.
Since the amount of training in a non-competitive labour market is likely to be suboptimal, it is instructive to discuss possible policy solutions briefly. The most common remedy is subsidies. In most of the simple models we have discussed, training subsidies would be beneficial. One potential problem, however, is that when monitoring workplace training is difficult, due to reasons discussed above, subsidies may be relatively ineffective. For example, if the amount or quality of training the firm provides is completely non-contractible, then with or without subsidies, the firm will choose the same amount of training, and subsidies are simply a windfall gain to the firm. An alternative to subsidies would be the direct provision of training by the government, but government training programmes fail to exploit the complementarity between training and production, and their curricula may lag behind the needs of businesses and trainees. The US experience with subsidies and government F128 THE ECONOMIC JOURNAL [FEBRUARY run training programmes is rather mixed, suggesting that only expensive government programmes are successful, see e.g. Lalonde (1995) . This suggests that it may be necessary to supplement subsidies with regulation.6 Most regulation, as in the case of the German apprenticeship system, monitors the quality of training programmes and certifies skills. One effect of regulation would be that it makes it easier for firms and workers to contract on the amount of training, allowing them to eliminate the externality that arises when training is decided non-cooperatively (see e.g. Acemoglu and Pischke (1998a)). Hence, regulation would allow workers to contribute to the amount of training they receive, so it would be most useful when workers have some ability to pay for training. With a similar argument, regulation would also complement the use of subsidies by enabling the government to monitor whether a firm receiving subsidies is actually training. But regulation could also be counterproductive. For example, if other firms' uncertainty about the value of skills acquired in a training program encourages initial employers to provide training, as in the model of Katz and Ziderman (1990) discussed above, certification of the skills may reduce firm-sponsored training.
Overall, labour market imperfections lead to inefficiencies in training by creating wage compression in the current and future employment relations. Since the source of the problem is not in the credit market, subsidies or regulation may be necessary to redress it, though in non-competitive labour markets, there may be complementarities between these policies, or some of them may be counter-productive. So a more case-by-case analysis is necessary. Although we currently lack the type of detailed empirical information necessary to make precise policy recommendations, the results here are useful, as they suggest the opposite conclusions to those developed by Becker and accepted by many labour economists.
Evidence on Patterns of Wages and Training
In this section, we summarise some evidence related to the key predictions of the non-competitive theories of training discussed in Section 2. The first subsection surveys evidence suggesting that general training leads to a path of wage growth which falls short of productivity growth, enabling employers to recoup the costs of training. The second part discusses whether more compressed wage structures lead to more training.
Productivity and Wage Growth After Training
According to Becker's theory, when training is general, wages after training grow at the same rate as productivity. There are a number of studies which find this not to be the case. Loewenstein and Spletzer (1998) show that training in off-site vocational courses, which are typically very general, increase wages with 1999] BEYOND BECKER F129 the current employer much less than wages with future employers. The fact that employers and workers are willing to take part in the training programmes suggest that there are productivity gains from training. So it appears that the employers are able to recoup the cost of training due to the slower growth of wages than productivity. Pischke (1996) also finds zero or small returns for further training of men in Germany. Most of this training is quite general, as many workers report receiving a written certificates at the end, which they would use when getting a newjob. Barron et al. (1997) and Bishop (1991) find in data from the Employment Opportunity Pilot Project (EOPP) and Small Business Administration (SBA) that employers claim training is valuable with other firms, but their measures of productivity growth associated with training exceed wage growth by a factor of ten. The measures of productivity in these studies are subjective-not in dollar units-, so this evidence has to be interpreted with some care. Nevertheless, the findings are consistent with the stories developed in Section 2. Using the same data, Bishop (1987) also finds that wages across workers doing the same job in the same firm differ much less than productivity measures, which again means the structure of wages is compressed. Similar evidence is reported by Akerlof (1982) and Frank (1984) .7
Do Compressed Wage Structures Encourage Training?
In Becker's theory, the degree of wage compression has no impact on firmsponsored training, as firms do not pay for training in any case. Also, since workers undertake all investments in general training, wage compression reduces returns to training, and discourages investments in skills. In contrast, models based on non-competitive labour markets suggest that wage compressi6n may encourage firms to pay for training. The theories outlined in Section 2 predict that a more compressed wage structure should lead to more firmsponsored training, and in fact, it may increase the overall amount of investment in general skills. In particular, when only firms invest in training, wage compression always increases training investments. In the non-cooperative regime, where both firms and workers may contribute to training investments, wage compression increases the firm-sponsored component of training, and may increase or decrease total investments in skills. Finally, in the fullcompetition regime, wage compression again increases the share of the costs of general training borne by the firm, though in the simplest cases, it reduces total investments (see Acemoglu and Pischke (1998b)). It is important to 7 This evidence on wage compression across workers is suggestive, but recall that what is necessary for firm sponsored training is that the wage structure is compressed in the sense that the worker does not get fully compensated for increases in his productivity due to training. If workers are heterogeneous, there may not be a link between wage compression across workers and compression of the returns to training for an individual worker. This is the analogue to the ability bias in estimating the returns to schooling from data on schooling and earnings across individuals. See e.g. Griliches (1977) or Card (1999 Studying the relationship between the structure of wages and investments in training can therefore potentially distinguish between competitive and noncompetitive theories of training. This task, however, is difficult because wage returns to training are endogenous, so are likely to be high when training is more useful. Hence, we have to find exogenous variation in the structure of wages to trace its impact on training investments. In this section, we discuss the relation between training and wage compression induced by minimum wages and unions. Minimum wages, in particular, have a detrimental effect on training in the standard competitive model, because they prevent workers from taking wage cuts to finance investments in general training. But they also compress wages by making unskilled labour relatively more expensive. Therefore, they provide a useful contrast between competitive and non-competitive approaches.
Part of the literature investigating the impact of minimum wages on training in the United States focused on whether minimum wage laws lead to slower observed wage growth in micro data. Both Leighton and Mincer (1981) and Hashimoto (1982) have found this to be the case and concluded that minimum wage laws lead to less training. This evidence on wage growth does not necessarily imply that less training takes place, however. Since minimum wages cut the lower tail of the wage distribution, and typically create a spike at the minimum, they would appear to reduce the slope of age-earnings profiles even when they have no effect on training. In fact, in the minimum wage model discussed above, even though minimum wages increase training, they unambiguously reduce the slope of age-earnings profiles. Grossberg and Sicilian (1997), for example, find no effect of minimum wages on training, but still find lower wage growth for minimum wage workers. Furthermore, Card and Krueger (1995) compared cross sectional wage profiles in California before and after the 1988 minimum wage increase with a number of control states. They also found flatter profiles in California after the minimum wage increase. However, they point out that the Californian profile also shifts up and does not cross the previous age-wage profile, which is inconsistent with the competitive theory, and accords well with the predictions of non-competitive theories.
Given the difficulty of interpreting changes in the slope of wage profiles, it is more compelling to look at the impact of minimum wages on training directly. Leighton and Mincer (1981) The evidence from this study is even harder to interpret because worker traits which lead to higher pay are typically also associated with more training. Grossberg and Sicilian (1997) use the EOPP data and compare minimum wage workers both to workers earning slightly less and slightly more, ameliorating the problem of worker heterogeneity somewhat. They find insignificant negative effects on training for male minimum wage workers and insignificant positive effects for women.
Some of these problems are overcome by Neumark and Wascher (1998), who use Current Population Survey (CPS) supplements to compare the impact of minimum wages on training within states using comparisons of young workers in 1991 with older workers (who are unlikely to be affected by the minimum wage) and with young workers in 1983. These comparisons assume that state differences in training levels over long periods are the same for younger and older workers or over long time. periods, which is a stringent requirement. They find negative effects of minimum wages on training, which seem to be too large, especially since not all young workers are affected by the minimum wage.8 This suggests that the fixed effects assumptions is suspect.
In Acemoglu and Pischke (1998c), we analyse the effect of minimum wage increases on worker training using the NLSY for the period 1987 to 1992. This period encompasses a number of state minimum wage increases as well as two hikes in the federal minimum wage in 1990 and 1991. The federal increases had very different impacts on low skilled workers in high and low wage states (Card, 1992) . Thus, our analysis uses within state variation in minimum wages for a homogeneous group of workers. In fact, since we have a panel of individuals, we can even control for individual specific effects. We find no evidence of a reduction in training in response to minimum wages. Zero or small positive effects of minimum wages on training investments for workers near the minimum wage are inconsistent with the standard theory of human capital, while they are what non-competitive theories predict.
The evidence on the impact of unions on training is mixed. The studies we are aware of look directly at the impact of unions on training. Duncan and Stafford (1980) and Mincer (1983) 01 inJapan (OECD, 1993) . These differences in wage structures suggest that returns to training are also likely to be compressed in Germany, France, Sweden andJapan as compared to the United States and the United Kingdom (though recall the caveat in footnote 7). In line with the predictions of the non-competitive theories, the incidence of company provided formal training appears to be higher in Europe and Japan than in the United States: OECD (1994, Table 4.7) reports that 23.6% of young workers in France, 71.5% of those in Germany and 67.1% of new hires in Japan receive formal training. By way of comparison, only 10.2% of US workers receive any formal training during their first seven years of labour market experience. However, comparisons of training levels across countries are difficult because the data are collected using different methods, and the measured training levels are not easily comparable.9 Perhaps more important than the level of training in different countries is the observation that firms seem to be more likely to bear the costs of general training in Europe than in the United States. In Germany, vocational skills are typically learned in apprenticeships and we saw in Table 1 that large firms have sizable net costs for this type of training. Comparable skills are more often learned in community colleges and vocational schools in the United States, and paid for by the trainees themselves. This pattern is in line with the predictions of the non-competitive theories.
Trainling Systems, Inequality and Institutions
In this section, we discuss the implications of different training systems for other economic issues. In particular, we argue that the different training systems of the United States and Germany are mutually reinforcing with their patterns of labour mobility and regulation regimes. We also suggest that different training practices may have been an important factor in the different paths that inequality took in these two countries. Although there are many reasons for why training practices in Germany and the United States are different, we motivate our discussion using a simplified version of the model in Acemoglu and Pischke (1998a) which is based on asymmetric information F133 about worker ability between the current employer and the outside labour market. This model exhibits a multiplicity of equilibria with different amounts of training, labour mobility and matching.
In the model economy, training takes only two values, r E {O, 1}, where C > 0 is the cost of training r = 1. Output produced by a worker at time 1 is a()rPi where Ui is ability. There is no production at time 0. The worker's ability is unknown at the beginning of time 0, and the employer discovers it at the end of this period. Ability takes two values: with probability p, 77 = 0 and with probability 1 -p, Ui = 1. The productivity gain from training is a(O) = 1 and a (1) = a > 1. Finally, we assume that in the second period, workers receive a shock, 0, which increases their productivity in a number ofjobs other than the one they are currently holding. This shock therefore captures in a simple way the process of learning by young workers about their comparative advantage. The distribution of 0 is uniform over [0, 1]. We assume that 0 is publicly observed, so if a worker quits and takes a job for which he is more suited, his wage will be v = vo + 0. The common component of the outside wage, vo, is determined by competition among outside firms at time 1. So it is equal to the expected productivity of a worker who has been laid off or has quit, since these outside firms do not observe workers' ability nor whether they have quit or have been laid off. The training firm makes a single wage offer w to all retained workers. Workers therefore quit if w falls short of their outside wage vo + 0. Finally, we assume that only firms invest in training, and training takes place at the beginning of time 0, before the worker's ability is known. a -w) is the profit from a trained and high ability worker in the second period. The optimal wage offer of the firm maximises profits, (1), and is equal to w = (a + vo)/2. Using the quit rule above and Bayes' rule, we obtain that the common component of wages for quitters and laid off workers is:
P + (-P)( -w+Vo)
Workers in the second-hand labour market are either low productivity and laid off (fraction p), or high productivity who have quit because of the matchspecific shock (fraction (1-p) (1-w + vo)). The important feature of this setup is that vo (and v) will be high when workers are expected to quit their jobs with a high probability, because many of the workers looking for ajob at time 1 will be of high ability. This high wage will encourage other, relatively high ability workers, also to quit, so the quit probability will indeed be high. And conversely, when the outside wages are low, workers will often prefer not to quit even when they are poorly matched to their current firm, i.e. (1 -w + vo) will be low. This mutually self-reinforcing behaviour can lead to a multiplicity of equilibria. Since the firm's payoff from training is related to the probability that workers quit, there will be more training in the low wage-low quit equilibrium, and less in the high wage-high turnover case.
To where E(v) is the average wage of workers changing jobs. Notice the contrast between these two equilibria. The first one has no training, a high level of labour mobility due to relatively high outside wages, and as a result, better matching between workers and firms. The second one has higher training, lower labour mobility due to the larger wage losses of workers changing jobs, and therefore, a worse pattern of matching. With this model in the background, we now discuss different patterns of labour mobility between the United States and Germany. A striking difference between the United States and German labour markets is the degree of worker turnover. Topel and Ward (1992) calculate that the median number of jobs held by a male worker during the first ten years of his labour market experience is six in the United States, whereas in Germany is one or two (see Acemoglu and Pischke (1998a) ). In terms of the simple model above, we can think of Germany as in the low mobility-high training equilibrium, while United States is in the low training-high mobility allocation.10 This suggests that an economy with low mobility is more likely to have low wage gains for workers changing jobs, but tends to invest more in training, and this pattern reinforces low-mobility. So the correspondence between mobility and training is not surprising (see also Blinder and Krueger (1997) ). The observation that low labour mobility goes hand in hand with low returns to switchingjobs is also consistent with the empirical evidence: there are substantial wage gains associated with switching jobs in the United States (Topel and Ward, 1992; McCue, 1996) , but small or even negative effects in Germany (Zimmermann, 1996) . An interesting question is whether a low mobility-high training equilibrium is likely to yield higher output and productivity. This question cannot be 10 Of course, differences in mobility and training across countries can also arise from differences in parameters rather than the possibility that these countries are in different equilibria. For example, the distribution of 0 may differ between Germany and the United States and this will have a first-order effect on v0 and on the form of the equilibrium. Technology as well as the system of schooling may be an important determinant of the distribution of 0. The schooling system also determines the degree of uncertainty about young workers' ability, which is a key factor in this model.
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answered unambiguously. The training equilibrium achieves a higher level of profits for firms, but some workers prefer the training equilibrium and others the no-training equilibrium, with the no-training equilibrium resulting in higher average wages in the economy. With the parameter values we have chosen, total surplus (the sum of the average wage and profit per worker) is higher in the training equilibrium. This result is easily reversed, however, and the no-training equilibrium generates greater surplus, if training were more costly, say C = 0.6.
The fact that wages do not reflect marginal products makes it harder to use easily observable data to assess relative productivities across countries when labour markets are not competitive. For example, Harhoff and Kane (1997) compare age-earning profiles between Germany and the United States, and find that the profiles in both countries have the same slope. They interpret this as evidence that the lack of training in the United States does not cause inefficient human capital formation. Looked at through the lenses of the model we just described, however, the slope of the wage profile alone is rather uninformative about productivity growth. The slope of the age-earning profile in the United States results from the fact that workers accumulate human capital via matching. In Germany, where workers receive more firm-sponsored training, firms are paying for training expenses, so increases in productivity due to training do not entirely get reflected in wages. In contrast, in the more competitive US labour market, one would expect increases in productivity due to better matches to be more readily reflected in wages. This stylised characterisation therefore suggests that the age-earnings profiles in the United States may be a good measure of the rate of human capital accumulation, whereas the age-earning profiles in Germany understate the rate at which the productivity of German workers grow, so in this calculation, higher productivity due to better matching in the United States appears not to compensate for the lack of training investments by firms.
Another major difference between the German and American labour markets is the regulation regime. In the United States, employment is essentially at will and the importance of unions in most industries is limited. In contrast, in Germany, as in other Continental European labour markets, there are high firing costs and unions play an important role in wage determination, and regulate hiring and firing practices. Immediately after an apprenticeship, however, firms are free to let apprentices go, without incurring any firing costs. A number of economists have suggested that firing costs in Europe are very harmful as they reduce the flexibility of employment relations and create wage push, and via these channels, they are one of the primary causes of unemployment. This leads to the policy recommendation that firing costs in Europe should be reduced (see, for example, OECD (1994)). Others, for example Abraham and Houseman (1993) , have pointed out that job security provisions as in Germany may have a number of benefits, and that it might be useful for the United States labour market to increase the costs faced by employers in laying off workers.
Here, we want to point out that different training systems may make differ- In contrast, employers in the United States are more willing to lay off workers when demand is low because the workers have fewer skills specific to this industry. Introducing firing costs is therefore likely to affect efficiency adversely in the United States by reducing the flexibility of firms, and by locking workers into jobs for which they have accumulated only few skills. Overall, therefore, the theories discussed in this paper suggest that there are complementarities between training systems and regulation regimes, and radical changes in labour market institutions may have unforeseen, counterproductive consequences, both in Germany and the United States.
A final issue we would like to discuss is the interaction between training systems and patterns of wage inequality. Wage inequality has increased considerably in the United States over the past twenty years. In contrast, most measures point to a more compressed wage structure in Germany in the 1980s, and more strikingly, there have not been major changes in the structure of wages in this country. Table 2 gives various measures of wage inequality in Germany and in the United States over this period. Although differences in labour market institutions could partly account for the differences in the overall degree of wage compression (see for example, Blau and Kahn (1997), for a discussion), it is much harder to explain why wage inequality did not increase in Germany while rising sharply in the United States. A first story may be that new technologies adopted in the United States, which were important in raising inequality, were not adopted in Germany. This story, however, is not very convincing since, at least in manufacturing, Germany and the United States are at a very similar level of development, and are likely to use and adopt similar technologies at the same time. For example, Card et al. (1996) and DiNardo and show that computers were adopted only at a slightly slower pace in Canada, France, and Germany than in the United States.
A second explanation for the different patterns of wage inequality in Germany and the United States may be that the labour market institutions which compressed wages in the 1960s and 1970s did not allow new technologies to widen the gap between skilled and unskilled workers in Germany. This story, however, predicts an increase in unskilled unemployment in Germany relative to skilled unemployment. In particular, if labour market institutions push unskilled wages above their labour market clearing level, firms would increasingly substitute skilled workers for the unskilled. The unemployment figures for Germany given in Table 3 To develop this argument further in the context of the models discussed in Section 2, suppose that there are two types of workers, high education and low education. High education workers are more productive, and both types can be trained, increasing their productivity. In Germany, both types of workers receive firm-sponsored training. In contrast, in the more competitive United States labour market, there is little wage compression and the level of (firm-sponsored) training is lower than in Germany. One might then expect especially little training for less educated workers in the United States: the utility cost of taking a wage cut would be much higher for the less educated because of their already low initial wages and possible credit constraints, so they are unlikely to finance investments in general training themselves. Now consider the arrival of new technologies, increasing the productivity of more educated workers relative to less educated workers. Suppose also that these technological changes increase the value of training for both types. In Germany, where wages are regulated by unions and generally compressed, firms will be encouraged to undertake more training for both types of workers, so wage inequality remains basically the same. In contrast, in the United States, training of less skilled workers is unlikely to increase. In fact, if changes in technology reduce the productivity of less educated workers, their wages may fall, making it even harder for them to finance their own training. This leads to a reduction in training for these workers. Meanwhile, since the return to training for high education workers has increased, they are more likely to invest in their own training. This divergence in the training patterns therefore exacerbates the already increasing wage gap between more and less educated workers.
This stylised model accords well with the changes in the training patterns in the two countries. Table 4 reports the incidence of training for high and low education workers in the United States and Germany. These numbers are not directly comparable across countries, because the survey questions refer to different concepts.11 However, they are comparable over time within a country. The table shows that training has increased slightly for both types of workers in Germany over the 1980s. In contrast, the likelihood of training for a low education worker has declined in the United States, but high education workers now receive more training. This pattern fits the stylised model we just 
Concluding Remarks
We have surveyed some recent research on patterns of training practices and theories in which firms are willing to contribute to the costs of general training investments. We have suggested that labour market imperfections have to be an ingredient of any model attempting to understand why firms pay for general training. This opens the way for a discussion of the importance of labour market institutions, their impact on the structure of wages, and how they influence human capital investments. We have shown that non-competitive labour markets often compress the structure of wages, and this encourages firms to invest in general training. In fact, wage compression may increase human capital investments, a prediction which stands in stark contrast to the standard theory. Although the empirical predictions of the non-competitive models are not as clear-cut as those of the standard theory, a simple reading of cross-country evidence is much more in line with the non-competitive models.
12 This observation does not imply that further subsidies to training programmes in the United States is a useful remedy for the increase in wage inequality. Recall that low eductation US workers are likely to possess fewer skills to begin with, so this gap must be made up first. Furthermore, adapting to new technologies may require prior training in a basic skills (e.g. the type of training best done at the apprenticeship stage). So for most low-pay workers, it may be less effective. Finally, as pointed out by Heckman (1993), a training programme for unskilled workers large enough to overcome these obstacles would be exceedingly costly.
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THE ECONOMIC JOURNAL [FEBRUARY Moreover, a variety of micro evidence, though not completely unambiguous, also support the non-competitive models. We would like to conclude by pointing out a number of areas where empirical research would be very valuable. First, further tests to distinguish competitive and non-competitive theories are necessary. We believe that the most promising approach is to find policy-induced differences in wage compression across markets, and analyse their impact on training. Second, there is need for more work in measuring the return to training. Although there is a large literature estimating wage gains to workers after training, non-competitive models emphasise that productivity growth should exceed wage growth. Measurement of the overall return to training therefore requires direct measures of productivity. Detailed analysis of particular firms and industries may be necessary to achieve such measurement. Also because future employers may also benefit from a worker's training, the measurement of total return is even more difficult.
Another issue which requires research is the optimal mix of schooling and training. First, in non-competitive theories, there are important links between schooling and equilibrium training, especially because the breadth of skills provided by schools and the amount of uncertainty about young workers' ability are major determinants of firms' incentives to provide training. Second and more important, schooling provides general-purpose knowledge by teaching conceptual tools and information, useful in a variety of occupations and industries. General purpose education both facilitates the acquisition of more specific skills and provides workers with the flexibility necessary to realise their comparative advantage. The best way to increase productivity in a given profession, however, is likely to be via on-the-job training. Measurement of overall returns to training and how they interact with the amount of schooling may enable us to make more informed statements about the optimal mix of schooling and training. Such information would be useful, for example, in determining the relative costs and benefits of the United States and German systems, where the relative weights of general-purpose education and industry specific training are quite different.
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